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<£) Preparation of polyketone polymers. 

J@ Polyketone polymers I are prepared by contact- 
ing carbon monoxide and one or more olefinically 
unsaturated compounds with a catalyst solution ema- 
nating from a previous polymerization in which poly- 
mers II of specified physical properties were pre- 
pared by contacting carbon monoxide with ethene. 
and optionally one or more other a-olefins, with a 
catalyst solution in a diluent in which the polymers II 
are insoluble, and separating the formed polymers II 
from the polymerization mixture. 
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PREPARATION OF POLYKETONE POLYMERS 



The invention relates to a process for the prep- 
aration of polyketone polymers, i.e. polymers of 
carbon monoxide with one or more olefinically un- 
saturated compounds. 

Linear ' copolymers of carbon monoxide with 
ethene, in which the monomer units -(CO)- and - 
(C2H4)- occur in alternating order, can be prepared 
by contacting the monomers at an elevated tem- 
perature and pressure with a solution of a catalyst 
composition in a diluent in which the polymers are 
insoluble or virtually insoluble, which catalyst com- 
position is based upon: 

a) a palladium compound, 

b) an anion of an acid with a pKa of less 
than 4, and 

c) a bisphosphine of the general formula 
(R 1 ) 2 P-R-P(Ri)2. wherein Ri represents an ar- 
omatic hydrocarbyl group and R is a bivalent or- 
ganic bridging group containing at least two carbon 

atoms in the bridge. 

Depending on the reaction conditions and cata- 
lyst compositions chosen, polymers with a wide 
variety of average molecular weights can thus be 
prepared. 

According as the polymers mentioned in the 
present patent application have higher molecular 
weights, their intrinsic viscosities too will as a rule 
be higher. In order to determine the intrinsic vis- 
cosity of the .present polymers, four solutions are 
first of all prepared by dissolving-the polymer in m- 
cresol, at four different concentrations. Then the 
viscosity at 60 " C of each of these solutions rela- 
tive to that of m-cresol at 60 ' C is determined in a 
viscometer. When T Q represents the efflux time of 
m-cresol and T p the efflux time of the polymer 
solution, the relative viscosity (t^i) «s determined 
by tjrei = To/Tp. The inherent viscosity (mnh) can be . 
calculated from Tj reJ , according to the formula: ij in h 
ss In i] re i / c, wherein c represents the polymer 
concentration as grams per 100 ml of solution. 
Plotting of the mnh found for each of the four 
polymer solutions against the corresponding con- 
centration (c) and subsequent extrapolation to c = 0 
leads to the intrinsic viscosity M as dl/g. which will 
hereinafter be referred to not as 'intrinsic viscosity*, 
but by the designation recommended by the Inter- 
national Union of Pure and Applied Chemistry of 
•Limiting Viscosity Number' (LVN). 

For actual application, interest tends in the first 
place towards polymers with an LVN (60) of from 
about 0.5 to 2.5 dl/g. The copolymers prepared as 
described hereinbefore have melting points of 
about 255-260 " C, which melting points are sub- 
stantially independent of their LVN (60)'s. 

Earlier research carried out by the Applicant 



into these polymers has shown that their melting 
points can be reduced, and thus their processibility 
can be improved, when in addition to carbon mon- 
oxide and ethene, one or more other a-olefins (for 
5 the sake of brevity referred to as A), such as 
propene, are included in the monomer mixture 
from which these polymers are prepared. Thus are 
prepared linear polymers which are made up of 
units -(COMC2H1)- and units -(CO)-a'-, wherein A 
10 represents a monomer unit derived from an a-olefin 
A used. The units -(COMC2H4)- and -(CO)-a'- oc- 
cur randomly distributed within the polymers. Ac- 
cording as a larger amount of the monomers A is 
incorporated in the polymers, the polymers ob- 
75 tained will have lower melting points. For actual 
application, interest tends towards polymers with a 
melting point above 225 C. 

During the polymerization described herein- 
before, the polymers are obtained in the form of a 
20 suspension in the diluent. After the desired degree 
of polymerization is obtained, polymerization is 
generally terminated by cooling the reaction mix- 
ture and releasing the pressure. The polymers can 
be isolated from the suspension by filtration, wash- 
25 ing and drying. The investigation carried out by the 
Applicant into this polymer preparation has shown 
that part of the catalyst composition used during 
polymerization ends up in the polymer formed and 
the rest remains behind dissolved in the diluent. 
30 Moreover, it has been found that the catalyst com- 
position that has remained behind in the diluent still 
retains its activity, and may thus be considered, in 
principle, for use in the preparation of an additional 
amount of polymer. Initial plans aimed at separat- 
35 ing the formed polymer from the catalyst-contain- 
ing liquid and contacting this liquid once more with 
the monomer mixture on termination of the prep- 
aration of polymers of carbon monoxide with 
ethene and optionally one of more other a-olefins. 
40 which polymers have an LVN (60) of 0.5-2.5 dl/g 
and a melting point above 225 * C. were not carried 
through on account of practical difficulties. These 
difficulties are twofold. In the first place, this liquid 
contains only a small amount of the quantity of 
45 palladium originally present in the catalyst com- 
position, as a rule less than 20 %w thereof. Fur- 
ther, this liquid contains a considerable amount - as 
a rule more than 1 %w calculated on formed poly- 
mer - of oligomers. Recirculation of this liquid leads 
50 to a rapid build-up of this low-molecular weight 
material during the process, which naturally is un- 
desirable. Thus far, the usual procedure was to 
split the separated liquid by distillation into a dis- 
tillate of purified diluent which was returned to the 
polymerization reactor and a residue containing 4he 
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catalyst rests and the oligomers. The palladium 
may be recovered by decomposition of the catalyst 
rests present in the residue and then be used m 
the preparation of further catalyst, if desired. 

During the research made by the Applicant into 
the afore-mentioned polymer preparation, it was 
further found that it is advantageous to replace the 
bisphosphine of the general formula (RifcP-R-P- 
(R,) 2 which is used in the catalyst composition as 
component c) by a bisphosphine of the general 
formula (RshP-R-P^h. wherein R 2 represents an 
aryl group which holds at least one alkoxy substitu- 
ent ortho in respect to the phosphorus atom to 
which the aryl group is bound. Comparison of the 
behaviours of the two catalyst compositions used 
for preparing polymers of carbon monoxide with 
ethene and optionally one or more other a-oiefins. 
which polymers have an LVN (60) of 0.5-2.5 dl/g 
and a melting point above 225 * C. has shown that 
at similar reaction rates, the catalyst compositions 
containing an alkoxy-substituted bisphosphine as 
component c) lead to polymers with considerably 
higher LVN's and conversely, that they display a 
considerably higher polymerization rate when pre- 
paring polymers of the same LVN. 

Further research into the application of catalyst 
compositions containing an alkoxy-substituted 
bisphosphine as component c) for the preparation 
of polymers of carbon monoxide with ethene and 
optionally one of more other a-olefins, which poly- 
mers have an LVN (60) of 0.5-2.5 dl/g and a 
melting point above 225* C. has now surprisingly 
shown that when these catalyst compositions are 
used, the two obstacles mentioned hereinbefore 
which were the reason why recirculation of 
catalyst-containing liquid could not be considered, 
are substantially removed. For it has been found 
that when the formed polymer is separated from 
the reaction mixture after these catalyst composi- 
tions are applied, this results in a liquid which 
contains a substantial portion of the amount of 
palladium originally present in the catalyst com- 
position, notably as a rule more than 60 %w. 
Further, it was found that this liquid contains only a 
minor quantity of oligomers, as a rule less than 0.1 
%w calculated on formed polymer. On account of 
the combination of these two properties, the liquid 
is excellently suitable to be used as catalyst solu- 
tion in a following preparation, of similar alternating 
polymers or of other alternating polymers of carbon 
monoxide with one or more olefinically unsaturated 

compounds. 

The present patent application therefore relates 
to a process for the preparation of polymers, in 
which process Polymers I of carbon monoxide with 
one or more olefinically unsaturated compounds 
are prepared by contacting the monomers at an 
elevated temperature and pressure with a catalyst 



solution emanating from a previous polymerization 
in which Polymers II of carbon monoxide with 
ethene and optionally one or more other a-olefins. 
which polymers have an LVN <60) of 0.5-2.5 dl/g 

s and a melting point above 225 ' C. were prepared 
by contacting the monomers at an elevated tem- 
perature and pressure with a solution of a catalyst 
composition in a diluent in which the Polymers II 
are insoluble or virtually insoluble, which catalyst 

ro composition was based upon 

a) a palladium compound, 

b) an anion of an acid with a pKa of less 

than 4, and 

c) a bisphosphine of the general formula 
is (R 2 >2P-R-P(R2)2. wherein R 2 represents an aryl 

group which holds at least one alkoxy substituent 
ortho in respect to the phosphorus atom to which 
the aryl group is bound and R is a bivalent organic 
bridging group containing at least two carbon 
2 o atoms in the bridge, while after termination of the 
polymerization, the catalyst solution needed for 
preparing Polymers I was obtained by separating 
the formed solid Polymers II from the polymeriza- 
tion mixture. 

25 If in the preparation of Polymers II use is made 

of a monomer mixture which, in addition to ethene. 
contains one or more other a-olefins. these a- 
olefins preferably contain fewer than 10 carbon 
atoms per molecule. If in the preparation of Poly- 
30 mers II, the starting mixture is such a monomer 
mixture, it preferably contains only one other a- 
olefin. and in particular propene. Polymers II are 
preferably prepared at a temperature of from 40 to 
120* C, an overall pressure of from 20 to 150 bar 
as and an a-olefin/carbon monoxide partial pressure 
ratio of from 0.5 to 5. and in particular at a tem- 
perature of from 50 to 100* C. an overall pressure 
of from 30 to 100 bar and an a-olefin/carbon mon- 
oxide partial pressure ratio of from 0.6 to 3.5. The 
40 preparation of Polymers II is carried out in a diluent 
in which the polymers are insoluble or virtually 
insoluble. Very suitable diluents are lower alcohols 
and in particular methanol. In the preparation of 
Polymers II, it is preferred to use such a quantity of 
45 catalyst composition per mol of a-olefin to be poly- 
merized, as to contain 10" 7 -10- 3 and in particular 
10" 6 -10" 4 mol of palladium. 

In the catalyst composition that is used in the 
preparation of Polymers II. component a) is prefer- 
so ably a palladium salt of a carboxylic acid, and 
palladium acetate in particular. As component b), 
the catalyst composition preferably contains an an- 
ion of an acid with a pKa of . less than 2, and in 
particular trifluoroacetic acid. Component b) is by 
55 preference present in the catalyst composition in a 
quantity of from 0.5 to *50 and in particular of from 
1 to 25 mot per mol of palladium. Component b) 
may be incorporated in the catalyst -composition 
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either in the form of an acid or in the form of a salt. 
When a salt is used as component b), preference 
is given to a cupric salt. 

In the catalyst composition that is used in the 
preparation of Polymers II, group R 2 which is 
present in component c) is preferably a phenyl 
group containing at least one methoxy substituent 
in a position ortho in respect to the phosphorus 
atom to which the phenyl group is bound and the 
bridging group R preferably contains three atoms 
in the bridge, at least two of which are carbon 
atoms. Examples of suitable bridging groups R are 
the -CH 2 -CH 2 -CH 2 group, the -CH 2 -C(CH 3 ) 2 -CH 2 - 
group and the -CH 2 -Si(CH 3 ) 2 -CH 2 -group. 
Bisphosphines that can be very suitably used as 
components c) in the catalyst compositions are 
1.3-bls(di(2-methoxyphenyl)phosphino] propane, 
l,3-bis(di(2.4-dimethoxyphenyl)phosphino]propane. 
l!3-bis[di(2,6-dimethoxyphenyl)phosphino]propane, 

and 

1 >bis[di(2.4,6-trimethoxyphenyl)phosphino]- 
propane. 

In the preparation of Polymers II, preference is 
given to the use of a catalyst composition compris- 
ing l,3-bis[di(2-methoxyphenyl)phosphino]propane 
as component c). In the catalyst compositions, the 
bisphosphines are preferably used in a quantity of 
from 0.5 to 2 and in particular of from 0.75 to 1.5 
mol per mol of palladium. 

In order to enhance the activity of the catalyst 
compositions that are used in the preparation of 
Polymers II, a 1,4-quinone may be incorporated as 
component d). For this purpose. 1,4-benzoquinone 
and 1 ,4-naphthoquinone are very suitable. The 
quantity of 1 ,4-quinone used is preferably from 5 to 
5000 mol and in particular from 10 to 1000 mol per 
mol of palladium. 

Eligible olefinically unsaturated compounds 
which are polymerized with carbon monoxide dur- 
ing the preparation of Polymers I are compounds 
consisting exclusively of carbon and hydrogen as 
• well as compounds which, in addition to carbon 
and hydrogen, contain one or more hetero-atoms. It 
is preferred that in the preparation of Polymers I. 
one or more a-olefins are used as olefinically un- 
saturated compounds. Special preference is given 
to a method of preparing Polymers I in which the 
monomer mixture, temperature and overall pres- 
sure applied are the same as those applied in the 
preparation of Polymers II. 

The process of the invention may very suitably 
be carried out as a recirculation process in which 
the catalyst-containing liquid that is obtained after 
Polymers II are separated from the polymerization 
mixture, is recirculated to the polymerization reac- 
tor and there contacted once again with a carbon 
monoxide/a-olefin mixture that is identical to the 
one that was used in the preparation of Polymers 



II. If in this case the polymerization reaction is 
carried out under the same reaction conditions as 
were employed in the preparation of Polymers II, 
the difference between Polymers I and Polymers II 
5 will naturally cease to exist. If the process of the 
invention is carried out as a recirculation process 
for the preparation of a certain type of polymers of 
carbon monoxide with ethene and optionally one or 
more other a-olefins, which polymers have an LVN 
jo (60) of 0.5-2.5 dl/g and a melting point above 
225 'C, it is preferred to adjust both the volume of 
the recirculation liquid and the amount of catalyst 
composition present therein in order to create in 
the reactor a situation which corresponds substan- 
75 tially with that of the preceding polymerization re- 
action. For the amount of catalyst composition, this 
means that fresh catalyst composition will have to 
be added to the recirculation liquid, since part of 
the catalyst composition used originally has re- 
20 mained behind in the polymer prepared during the 
preceeding polymerization reaction and cannot be 
removed therefrom by washing. As far as the vol- 
ume of the recirculation liquid is concerned, the 
available volume is as a rule larger than the volume 
25 needed in the polymerization reactor. This is due to 
the fact that after the polymer formed has been 
separated from the polymerization mixture, for in- 
stance by filtration, a considerable portion of the 
catalyst-containing diluent remains behind in the 
30 polymer as attached liquid and can only be ex- 
pelled therefrom by thorough washing with fresh 
diluent. Since, obviously, in the process of the 
invention it is important, to capture as much of the 
available catalyst composition as possible for 
35 reuse, the catalyst-containing filtrate and the 
catalyst-containing wash liquid are joined together. 
Any surplus of diluent can be removed in a simple 
way from the recirculation liquid by distillation. Al- 
though the oligomer production in the preparation 
40 of Polymers II according to the invention is low, 
repeated recirculation of the catalyst-containing liq- 
uid may in the long run still lead to undesirable 
oligomer build-up. This can be prevented in a 
simple way by separating a small portion from the 
45 recirculation flow as a slip stream. If desired, 
diluent that has been purified by distillation can be 
reclaimed from the combined slip streams for 

reuse in the process. 

The invention is now illustrated with the aid of 

so the following examples. 



Example 1_ 

A carbon monoxide/ethene copolymer was pre- 
pared as follows. A mechanically stirred autoclave 
with a volume of 3.8 I was charged with 2 I metha- 
nol. After the contents of the autoclave were 
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brought to a temperature of 50* C, such quantities 
of ethene and carbon monoxide were blown in that 
the ethene partial pressure was 13 bar and the 
carbon monoxide partial pressure was 27 bar. Sub- 
sequently, a catalyst solution was introduced into 
the autoclave which comprised 
45 ml methanol, 
15 ml toluene, 

0.1 mmol palladium acetate, 

2 mmol trifluoroacetic acid, and 

0.12 mmol 1 ,3-bis(diphenylphosphino]propane. 

The pressure inside the autoclave was kept up 
by the introduction of a 1:1 carbon 
monoxide/ethene mixture. Polymerization was ter- 
minated after 5.2 hours by cooling the reaction 
mixture to room temperature and releasing the 
pressure. The copolymer was filtered off to obtain 
1.1 I filtrate. Next the copolymer was washed with 
1.3 I of fresh methanol and dried at 70* C. The 
yield was 72 g of copolymer. The polymerization 
rate was 1.3 kg copolymer/g pailadium.hour. The 
copolymer had an LVN (60) of 1.8 dl/g and a 
melting point of 257* C. The filtrate and the wash 
liquid were joined together. Thus, 2.4 I methanolic 
solution was obtained which contained 1 .4 mg pal- 
ladium and 0.94 g oligomers. This means that 13 
%w of the palladium present in the catalyst had 
gone into the liquid, while the oligomer production, 
calculated on copolymer formed, was 1.3 %w. 



Example 2 

A carbon monoxide/ethene/propene terpolymer 
was prepared substantially in the same way as the 
copolymer of Example 1, except for the following 
differences 

a) such quantities of ethene. propene and 
carbon monoxide were pressed into the autoclave 
that the ethene partial pressure was 15 bar. the 
propene partial pressure was 7 bar and the carbon 
monoxide partial pressure was 32 bar, and 

b) the reaction time was 6 hours. 

The yield was 108 g of terpolymer. The poly- 
merization rate was 1.7 kg terpolymer/g pai- 
ladium.hour. The terpolymer had an LVN (60) of 
0.8 dl/g and a melting point of 238* C. After the 
filtrate and the wash liquid were joined together, 
2.3 I methanolic solution containing 1.6 mg pal- 
ladium and 1.2 g oligomers was obtained. This 
means that 1 5 %w of the palladium present in the 
catalyst had gone into the liquid, while the oligomer 
production, calculated on terpolymer formed, was 
1.1 %w. 
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A carbon monoxide/ethene copolymer was pre- 
pared substantially in the same way as the 
copolymer of Example 1, except for the following 

differences 

a) the reaction temperature was 80 C, 

b) such quantities of ethene and carbon 
monoxide were pressed into the autoclave that the 
ethene partial pressure was 32 bar and the carbon 
monoxide partial pressure was 28 bar. 

c) the catalyst solution employed comprised: 

9 ml methanol, 
3 ml toluene. 

0.02 mmol palladium acetate. 

0.4 mmol trifluoroacetic acid, and 

0.024 mmol 1 ,3-bis(di(2-methoxyphenyl)- 

phosphinojpropane, and 

d) the reaction time was 13 hours. 

The yield was 111 g of copolymer. The poly- 
merization rate was 4 kg copolymer/g-pal- 
ladium.hour. The copolymer had an LVN (60) of 4.3 
dl/g and a melting point of 256* C. After the filtrate 
and the wash liquid were joined together, 2.1 I 
methanolic solution was obtained which contained 
0.36 mg palladium and 0.1 g oligomers. This 
means that 17 %w of the palladium present in the 
catalyst had gone into the liquid, while the oligomer 
production, calculated ■ on copolymer formed, was 
0.09 %w. 



Example 4 

A carbon monqxide/ethene/propene terpolymer 
was prepared substantially in the same way as the 
copolymer of Example 1 , except for the following 

differences 

a) the reaction temperature was 80 C. 

b) such quantities of ethene. propene and 
carbon monoxide were pressed into the autoclave 
that the ethene partial pressure was 23 bar, the 
propene partial pressure was 19 bar and the car- 
bon monoxide partial pressure was 38 bar, 

c) the catalyst solution employed was the 
same as that of Example 3, and 

d) the reaction time was 8.5 hours. 

The yield was 168 g of terpolymer. The poly- 
merization rate was 9.3 kg terpolymer/g-pal- 
ladium.hour. The terpolymer had ^an LVN (60) of 
2.2 dl/g and a melting point of 221 * C. 
After the filtrate and the wash liquid were joined 
together. 1.9 I of methanolic solution was obtained 
which contained 0.76 mg palladium and 0.13 g 
oligomers. This means that 36 %w of the palladium 
present in the catalyst had gone into the liquid, 
while the oligomer production, calculated on ter- 
polymer formed, was 0.08 %w. 



Example 3 
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Example 5 

A carbon monoxide/ethene copolymer was pre- 
pared substantially in the same way as the 
copolymer of Example 1, except for the following 

differences 

a) the reaction temperature was 90 C, 

b) such quantities of ethene and carbon 
monoxide were pressed into the autoclave that the 
ethene partial pressure was 62 bar and the carbon 
monoxide partial pressure was 18 bar. 

c) the catalyst solution employed was the 
same as that used in Example 3. and 

d) the reaction time was 1.4 hours. 

The yield was 98 g of copolymer. The poly- 
merization rate was 33 kg copolymer/g pal- 
ladium.hour. The copolymer had an LVN (60) of 1,9 
dl/g and a melting point of 260 ' C. After the filtrate 
and the wash liquid were joined together, 2.2 I 
methanolic solution was obtained which contained 
1.6 mg palladium and 0.09 g oligomers. This 
means that 75 %w of the palladium present in the 
catalyst had gone into the liquid, while the oligomer 
production, calculated on copolymer formed, was 
0.09 %w. 



Example 6 

A carbon monoxide/ethene/propene terpolymer 
was prepared substantially in the same way as the 
copolymer of Example 1 . except for the following 

differences 

a) the reaction temperature was 90 C. 

b) such quantities of ethene, propene and 
carbon monoxide were pressed into the autoclave 
that the ethene partial pressure was 30 bar, the 
propene partial pressure was 12 bar and the car- 
bon monoxide partial pressure was 38 bar, 

c) the catalyst solution employed was the 
same as that of Example 3, and 

d) the reaction time was 2.1 hours. 

The yield was 64 g of terpolymer. The poly- 
merization rate was 14 kg copoiymer/g pal- 
ladium.hour. The terpolymer had an LVN (60) of 
1.5 dl/g and a melting point of 237* C. After the 
filtrate and the wash liquid were joined together, 
2.4 I of methanolic solution was obtained which 
contained 1.4 mg palladium and 0.05 g oligomers. 
This means that 66 %w of the palladium present in 
the catalyst had gone into the liquid, while the 
oligomer production, calculated on terpolymer 
formed, was 0.08 %w. 



Example 7 

A carbon monoxide/ethene copolymer was pre- 



pared substantially in the same way as the 
copolymer of Example 5, except for the following 
differences 

a) not 2 I of fresh methanol but the 2.2 I of 
5 palladium-containing methanolic solution obtained 

in Example 5 was introduced into the autoclave. 

b) no fresh catalyst solution was added, and 

c) the reaction time was 2 hours. 

The yield was 96 g of copolymer. The poly- 
zo merization rate was 30 kg copolymer/g pal- 
ladium.hour. The copolymer had an LVN (60) of 1.7 
dl/g and a melting point of 258 C. 



;5 Example 8 

A carbon monoxide/ethene/propene terpolymer 
was prepared substantially in the same way as the 
terpolymer of Example 6, except for the following 

20 differences 

a) not 2 I of fresh methanol but the 2.4 I of 
palladium-containing methanolic solution obtained 
in Example 6 was introduced into the autoclave, 

b) no fresh catalyst solution was added, and 
25 c) the reaction time was 5.9 hours. 

The yield was 96 g of terpolymer. The poly- 
merization rate was 12 kg terpolymer/g pal- 
ladium.hour. The terpolymer had jan LVN (60) of 
1.6 dl/g and a melting point of 238 C. 
30 Of Examples 1-8. Examples 7 and 8 are exam- 

ples in accordance with the invention. In these 
examples, Polymers I were prepared by contacting 
the monomers with a catalyst solution which came 
from a preceding polymerization reaction in which 

35 Polymers II were prepared. Such preceding poly- 
merization reactions for the preparation of Poly- 
mers II are described in Examples 5 and 6. respec- 
tively. Examples 1-4 fall outside the scope of the 
invention and have been included in the patent 

40 application for comparison. Examples 1 and 2 dem- 
onstrate that when polymers with an LVN (60) of 
from 0.5 to 2.5 dl/g and a melting point above 
225* C are prepared by employing a catalyst com- 
position comprising a bisphosphine of the general 

45 formula (R0 2 P-R-P(Rt) 2 as c° m P onent c >* the re " 
suit, after the produced solid polymer has been 
separated from the polymerization mixture, is a 
liquid which contains only a small portion of the 
amount of palladium originally present in the cata- 

so lyst composition and. in addition, a considerable 
amount of oligomers, calculated on formed poly- 
mer. Examples 3 and 4 demonstrate that both 
when copolymers with an LVN (60) above 2.5 dl/g 
and and when terpolymers with a melting point 

55 below 225 "C are prepared, the result, after the 
produced polymer has been separated from the 
polymerization mixture, is a liquid which contains 
only a small portion of the amount of palladium 
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originally present in the catalyst composition, in 
spite of the fact that the catalyst composition used 
contained a bisphosphine of the general formula 
(R2teP-R-P( R 2)2 as component c). 

With the aid of ,3 C-NMR analysis it was estab- 
lished that the carbon monoxide/ethene 
copolymers prepared by Examples 1, 3, 5 and 7 
had a linear structure and that they were made up 
of units of the formula -(COHC2H4)-. With the aid 
of ,3 C-NMR analysis it was also established that 
the carbon monoxide/ethene/propene terpolymers 
prepared by Examples 2, 4. 6 and 8 had a linear 
structure and that they were made up of units of 
the formula -(CO)-(C 2 hU)- and units of the formula 
-(COHC 3 H 6 )-. which units occurred randomly dis- 
tributed within the polymers. 



Claims 

1. Process for the preparation of polyketone 
polymers, characterized in that Polymers I of car- 
bon monoxide with one or more olefinically unsatu- 
rated compounds are prepared by contacting the 
monomers at an elevated temperature and pres- 
sure with a catalyst solution emanating from a 
previous polymerization, in which Polymers II of 
carbon monoxide with ethene and optionally one or 
more other a-olefins. which polymers have an LVN 
(60) of 0.5-2.5 dl/g and a melting point above 
225* C, were prepared by contacting the mon- 
omers at an elevated temperature and pressure 
with a solution of a catalyst composition in a diluent 
in which the Polymers II are insoluble or virtually 
insoluble, which catalyst composition was based 
upon 

a) a palladium compound. 

b) an anion of an acid with a pKa of less 

than 4, and 

c) a bisphosphine of the general formula 
(R 2 ) 2 P-R-P(R 2 )2. wherein R 2 represents an aryl 
group which holds at least one alkoxy substituent 
ortho in respect to the phosphorus atom to which 
the aryl group is bound and R is a bivalent organic 
bridging group containing at least two carbon 
atoms in the bridge, while after termination of the 
polymerization, the catalyst solution needed for 
preparing Polymers I was obtained by separating 
the formed solid Polymers II from the polymeriza- 
tion mixture. 

2. Process as claimed in claim 1 . characterized 
in that if in the preparation of Polymers II a mon- 
omer mixture was employed which, in addition to 
ethene, included one or more further a-olefins, 
these a-olefins contained fewer than 10 carbon 
atoms per molecule. 

3. Process as claimed in claim 1 or 2, char- 
acterized in that the preparation of Polymers II was 
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carried out at a temperature of from 40 to 120 C, 
ah overall pressure of from 20 to 1 50 bar and an a- 
olefin/carbon monoxide partial pressure ratio of 

from 0.5 to 5. 

4. Process as claimed in one or more of claims 
1-3, characterized in that in the preparation of 
Polymers II. such a quantity of catalyst composition 
was employed per mol of a-olefin to be polymer- 
ized, as to contain 10~ 7 -10- 3 mol of palladium. 

5 process as claimed in one or more of claims 
1-4, characterized in that in the preparation of 
Polymers II, the catalyst composition employed 
included from 0.5 to 50 mol of component b) and 
from 0.5 to 2 mol of component c). per mol of 
palladium. 

6. Process as claimed in one or more of claims 
1-5, characterized in that in the preparation of 
Polymers I, the monomer mixture, temperature and 
overall pressure applied are the same as those 
applied in the preparation of Polymers II. 

7. Process as claimed in claim 6, characterized 
in that it is carried out as a recirculation process. 

8. Process as claimed in claim 7, characterized 
in that, before the catalyst solution is recirculated 
to the polymerization reactor, its volume is reduced 
by removing part of the diluent, for instance by 
boiling off. and that the catalyst concentration is 
increased by adding fresh catalyst composition, so 
as to substantially adjust the volume and the cata- 
lyst concentration to those applied in the preceding 
polymerization reaction. 

9. Process as claimed in claim 6 or 7, char- 
acterized in that a small portion is separated from 
the recirculation flow as a slip stream. 



40 



45 



50 



55 



7 





Eurojfc/-*ies Patentamt 
European Patent Office 
Office europeen des brevets 




-© Publication number 



0 361 584 

A3 



EUROPEAN PATENT APPLICATION 



0 Application number: 89202336.7 
@ Date Of filing: 15.09.89 



© Priority: 19.09.88 NL 8802312 



© int. ci. 5 : C08G 67/02 




© 



Date of publication of application: 
04.04.90 Bulletin 90/14 

Designated Contracting States: 
BE CH DE FR GB IT LI NL 

Date of deferred publication of the search report: 
13.06.90 Bulletin 90/24 



© Preparation of polyketone polymers. 

© Polyketone polymers I are prepared by contact- 
ing carbon monoxide and one or more olefinically 
unsaturated compounds with a catalyst solution ema- 
nating from a previous polymerization in which poly- 
mers II of specified physical properties were pre- 
pared by contacting carbon monoxide with ethene, 
and optionally one or more other a-olefins, with a 
catalyst solution in a diluent in which the polymers II 
are insoluble, and separating the formed polymers II 
from the polymerization mixture. 



© Applicant: SHELL INTERNATIONALE 
RESEARCH MAATSCHAPP1J B.V. 
Carel van Bylandttaan 30 
NL-2596 HR Den Haag(NL) 

@ Inventor: Van Broekhoven, Johannes 
Adrianus Maria 
Badhuisweg 3 
NL-1031 CM Amsterdam(NL) 

© Representative: Aalbers, Onno et al 
P.O. Box 302 

NL-2501 CH The Hague(NL) 



CO 

< 



CO 

to 



CO 
CO 



LU 



Xerox Copy Centre 




European Pate 
Office 




EUROPEAN SEARCH REPOR 




Category 



P.A 



P,X 



P,A 



P A lEP-A-0 314 309 (THE BRITISH PETROLEUM 

' COMPANY) 

* page 4, example 2 

EP-A-0 228 733 (SHELL INTERNATIONALE 
RESEARCH MAATSCHAPPU B.V.) _ 

* claims 1,11; column 3, 1 ne « 
column 5, line 24; figure 1 



7^^ ^7-ONSIDERED TO BE^E LEVANT 

of docuro ent with indication, where appropriate, 

of relevant passages _ 

EP-A-0 224 304 (SHELL INTERNATIONALE 
RESEARCH MAATSCHAPPU B.V.) 

* claims 4-7; pages 6-10, examples; 
page 3, paragraph 2 * 

EP-A-0 307 027 (SHELL INTERNATIONALE 
RESEARCH MAATSCHAPPU B.V.) 

* column 5, examples 1,2; column 4, 

lines 5-20 * _ 

EP-A-0 305 011 (SHELL INTERNATIONALE 
RESEARCH MAATSCHAPPU B.V.) 

* column 3, line 15 - column 4, line 
26; column'5, lines 26-39; columns 5,6; 
examples 1,2; claims 1-9 

EP-A-0 319 083 (SHELL INTERNATIONALE 
RESEARCH MAATSCHAPPU B.V.) 

* claims 1-8,10; examples 



Relevant 
to c laim 

1-6 



1,4,5 



1-7 



1-5 



Application Number 



EP 89 20 2336 



CLASSIFICATION OF THE 
APPLICATION am. CIS) 

C 08 G 67/02 



TECHNICAL FIELDS 
SEARCHED (Int. C1.5) 

C 08 G 



s 

i 

5 
oc 

C 
u. 

O 
c 
u 



The present search report has been drawn up for all claims 



Place of search 



BERLIN 



Dale of compleuo" of the March 

20-03-1990 



Examiner 

V0IGTLAENDER R 0 J 




CATEGORY OF CITED DOCUMENTS 



X • oarticularly relevant if taken alone 

y 1 particularly relevant if combined w,th another 

document of the same category 
A : technological background 
O : non-written disclosure 
p : intermediate document 



T • theory or principle underlying the invention 
I ; earU?r patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document cited for other reasons 

^ . 

""'".I,, familv corresponding 

& : member of the same patent tamuy, w» v 

document 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

^^BTbLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 
^Q^EFERENCE(S) OR EXHD3IT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: . " 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



